Extensive studies have shown that a sports expert is superior to a sports novice in visually perceptual-cognitive processes of sports scene information, however the attentional and neural basis of it has not been thoroughly explored. The present study examined whether a sport expert has the attentional superiority on scene information relevant to his/her sport skill, and explored what factor drives this superiority. To address this problem, EEGs were recorded as participants passively viewed sport scenes (tennis vs. non-tennis) and negative emotional faces in the context of a visual attention task, where the pictures of sport scenes or of negative emotional faces randomly followed the pictures with overlapping sport scenes and negative emotional faces. ERP results showed that for experts, the evoked potential of attentional competition elicited by the overlap of tennis scene was significantly larger than that evoked by the overlap of non-tennis scene, while this effect was absent for novices.
Introduction
A sports expert is different from a sports novice in perceptual performance (Kioumourtzoglou, Kourtesses, Michalopoulou, & Derri, 1998; MJ, 2010; Voss, Kramer, Basak, Prakash, & Roberts, 2010) . Experts detect important action-directing cues in the-environment more quickly and accurately (Wright, Bishop, Jackson, & Abernethy, 2010) , and observe non-salient stimuli (e.g. a small ball in a complicated background) more readily (Hohmann, Munzert, & Troje, 2007) . The inclination towards non-salient stimuli is due to the advantages in visual search strategy (Abernethy, 1991; Savelsbergh, Williams, Kamp, & Ward, 2002; Vansteenkiste, Vaeyens, Zeuwts, Philippaerts, & Lenoir, 2014) , sustaining attention (Sanchez-Lopez, Silva-Pereyra, & Fernandez, 2016; Schorer, Rienhoff, Fischer, & Baker, 2013) visually selective attention (Abernethy, 1988; Memmert, 2009), etc. To explain where these expert's advantages come from, researchers have examined the effect of prior experience on the athlete's performance. For instance, studies have shown that the perceptual-cognitive skills acquired from daily training can make the experts better than novices in paying attention to visual cues and neglecting distractors (Mann, Williams, Ward, & Janelle, 2007) .Other studies have compared the differences between experts and novices regarding their attentional mechanisms. For instance, in an experiment of fast ball sports, it has been noted that selective attention plays in understanding skilled performance (particularly in fast ball sports), it has been studied that a sport expert has selective attentional benefit on sport relevant information. (Fontani, Lodi, Felici, Migliorini, & Corradeschi, 2006; A. Mark Williams, 2002; A. M. Williams & Davids, 1998) .
Indeed, all those advantages seem to be highly relevant to paying attention to the critical information in a sport scene; However, fewer studies have focused on the attentional competition between sport scenes and environmental distractors. In real athletic competitions, a sportsman must shift his\her attention to the present sport scene (e.g. the reaction of competitors) and ignore the irrelevant information (e.g. the response of audiences). To examine to which extent sport experts allocate their limited processing resources on a sports scene information, the present study employed an ERP method to investigate the differences of expert vs. novice in terms of their brain electrical activities when a sport scene and a distractor are competing for their attention.
To explore the attention allocation process of sport scenes, the negative emotional faces were used as the distractors, since numerous studies have shown that emotional stimuli naturally engage the visual attention system (J. Grose-Fifer, Rodrigues, Hoover, & Zottoli, 2013; Keil, Moratti, Sabatinelli, Bradley, & Lang, 2005) . It has been proved that an individual has the tendency to pay more attention to negative events compared with positive ones (Baumeister, Bratslavsky, Finkenauer, & Vohs, 2001 ). This natural sensitivity towards negative information has been termed as Negativity Bias, negativity bias have survival significance in nature environments because enhanced attention towards a negative stimulus can protect individuals from danger and harm (Miskovic & Keil, 2014) . Studies have shown that threaten faces are proved to be identified faster compared to happy ones and natural ones in the process of visual attention task (Jill Grose-Fifer, Yuksel-Sokmen, Rodrigues, Hoover, & Zottoli, 2010; Schmidt-Daffy, 2011) . In addition, threatening stimuli convey important information about the surrounding environment (such as spiders and snakes) and therefore, threaten faces are found to capture attention automatically (Globisch, Hamm, Esteves, & Öhman, 1999; LoBue & DeLoache, 2010; Soares & Esteves, 2013) . The neurological evidence for negativity bias has also been extensively explored. For instance, it has been found that negative information can evoke a larger LPP (Late Positive Potential) than neutral or positive information (Bailey, West, & Mullaney, 2012; Gootjes, Coppens, Zwaan, Franken, & Van Strien, 2011) .
Accumulated evidence from various research in the field over the past several decades suggest that information processing is limited in the human visual system when individuals need to attend to multiple objects simultaneously (Cowan, Blume, & Saults, 2013; Kastner & Ungerleider, 2000; Yang, Dong, Chen, & Zheng, 2012) . It has been proved that multiple stimuli can either integrate or compete with one another when they are displayed in the same visual field at a given time (Blum & Barbour, 1979; Clarke, Sue Hart, & Leod, 2014; Locascio & Snyder, 1975) . At a behavioral level, attentional competition among objects is manifested as an interference in their joint cognitive processing. Studies have suggested that the interference occurs only when two different objects are exposed to an individual simultaneously, which means in an array or overlapping at the center of the retina (the fovea) of an individual (Duncan, Humphreys, & Ward, 1997; Isabel Gauthier, 2003; McGugin, McKeeff, Tong, & Gauthier, 2011) . For instance, Rankin, Ana, Benjamin, David and Isabel (2015) used a blocked fMRI design with pictures of cars and faces to test the attentional competition in car experts. Images of the given categories (cars and faces) alternately appeared on the left and right side of fixation, and subjects looked for an immediate image repeat. To test for the effect of competition, cars were attended or ignored in the context of faces, which were also either ignored or attended (McGugin, Van Gulick, Tamber-Rosenau, Ross, & Gauthier, 2015) . However, evidence have shown that objects presented in an array are not spatial invariant, for each location the object differs because the location differs (Cohen & Maunsell, 2011; Liu & Mance, 2011; Vecera & Farah, 1994) . Using the technique of event-related potentials (ERPs), the present study investigated the attentional competition between skill-related scene information and negative emotional face through a visual attention task. The participants were asked to passively view an overlapped picture of sports scene and negative face before identifying a signal image of either the scene or the face, and their attentional competition was measured as the difference of overlap minus averaged non-overlap (for the details, see analysis section).
The further purpose in the present study is to trace the brain activation involved in the attentional competition. The region of interest (ROI) was the medial frontal gyrus (MFG) that is associated with the autobiographical memory encoding and retrieval (D'Argembeau, et al., 2013) , as the skill-related scene is more self-referential to expert than to novice. The meta-analysis of functional neuroimaging study on self and other judgments revealed that medial frontal cortex gyrus plays an important role in supporting judgments about the self and others (Denny, Kober, Wager, & Ochsner, 2012) . More importantly, recent study revealed that badminton players exhibit stronger activation in the left MFG during action anticipation and greater functional connection between left MFG and some other regions of the brain(e.g. right posterior cingulate cortex, right inferior parietal lobule, left insula) than novices (H. Xu et al., 2016) . We hypothesized that a sport expert will exhibit the strongest activation in MFG in the attentional competition of skill-related scene information and negative face than other conditions.
Method

Participants
Nineteen varsity tennis players were recruited as expert and nineteen recreational tennis players were recruited as novice. For expert participants, they passed the following three inclusion criteria: 1) Skill level: qualified as the National Player at or above Second Grade; 2) Professional experience: more than 6-year experience in professional training; 3) Recently practice frequency: playing tennis more than 3 times per week and above 2 hours each time during the last 2 years. For novice participants, they just took the level -1 tennis course and did not match any of the criteria for tennis experts. All participants had normal or corrected-to-normal vision, and were right-handed. Participants were screened for neurological or psychiatric disorders. They signed informed consent and received 50 RMB remuneration after a 90-minute experiment. This study was approved by the Institutional Research Ethics Committee of Wuhan Sports University.
The sample size was decided by prior power analysis. An expert vs. non-expert effect size for processing speed on interceptive sport information, which was Hedges's g = .96 reported in a previous meta-analysis (Voss, et al., 2010) , was used here as the reference to calculate the sample size. It turned out that a particular N=19 sample size for each group was required to reach the level of α = .05 and β = .08.
Final analysis involved the data collection of 36 participants, including 18 experts (8 females) and 18 novices(8 females), excluding 1 novice who did not follow the instruction and 1 expert who had the same level of expertise in basketball as in tennis.
Grouped t test showed the exercise periods, playing time and playing frequency in tennis were all significantly superior in expert group than novice group (see Table 1 ).
There was no significant effect of age between expert group and novice group. * p < .05. ** p < .01.*** p < .001.
Design
The present study employed a 2 (scene: tennis vs. non-tennis) by 2 (stimulus type:
overlap vs. non-overlap) by 2 (group: expert vs. novice) mixed experimental design.
The scene and the stimulus were within-subject factors and group was between-subject factor. Measures were recorded as response time, potentials of attentional competition and amplitudes of current density.
Materials
Three types of picture in grayscale were used in the present experiment. The first type of pictures includes shots of five different sports (tennis, football, basketball, volleyball and baseball). These pictures of sports scenes were carefully processed by screenshot so as to remove any potential face-specific cues and they have similar complexity. The second type of pictures were negative emotional faces that were selected from Chinese Affective Picture System ( 
Procedure
Participants were seated about 100cm in front of the a computer monitor. Stimuli were presented on a black background. There were two stimuli in each trial (shown in Fig. 2A ). An overlapped image (S1) was presented for a duration of 300ms.
Participants were instructed to press one key with their left hand to confirm that they saw the S1 clearly. After a random Inter-stimulus interval (ISI) varying from 1400 to 2000ms, either a sport scene or a negative emotional face (S2) overlapped in S1 was repeatedly presented for 300ms. For the S2, participants were required to make a recognition task so they needed to press either left key with their right hand (which meant "Yes, it is the last picture I saw") or the right key (which meant "No, it isn't the last picture I saw"). S1 included two types: tennis scene overlapped negative emotional face and nontennis scene overlapped negative emotional face, the probability ratio of each TO (Tennis Overlaps) and NTO (Non-Tennis Overlaps) was 1:4. S2 included two types: tennis scene and nontennis scene, the probability ratio of presenting scene or face was 1:1. Each S1 was repeatedly presented 40 times, so the entire task included 400 trials in total, which took about 30 minutes.
Participants were asked to focus their attention on every picture and make the response as fast as possible. The experimenter could pause the procedure and ask the participants "What is the last picture you saw?" every 40 trials. The data of participants was dropped if they gave the wrong answer more than once.
Table2
Numbers and Probabilities of trails The different wave method was utilized to study potential elicited by visually selective attention (Woldorff, et al., 1993) . The potentials induced by non-overlapped pictures (either a scene or negative face) were averaged and then subtracted the average from the potential induced by overlapped picture (scene and negative face).
The differences in ERP wave between overlapped and non-overlapped pictures reflected the attentional competition during visual information processing.
Attentional competition.
A time-locked subtraction technique, that is, "TO -(T + negative face)/2" and "NTO -(NT + negative face)/2", were used to measure the attentional competitions between the scene information and the negative faces. The subtraction procedure included the following steps: for the condition of tennis, we averaged the brain responses to either the tennis scene (T) or the negative face. The result of "(T + negative face)/2" is seen as the averaged ERP evoked by the tennis scene and negative faces with none attentional competition. Then, we subtracted this averaged ERP from the ERP to the tennis scene overlapped with negative face (TO). This result of "TO -(T + negative face)/2" is the different ERP waveform representing the attention competition between tennis scene and negative face, because the ERP of TO is evoked by the tennis scene and negative faces with the attentional competition between each other. b) For the non-tennis condition, similarly, the averaged ERP of "(NT + negative face)/2" was subtracted from the ERP of NTO, and then the different wave for attentional competition between non-tennis scene and negative face was derived.
Lastly, for either the tennis condition or the non-tennis condition, the amplitude of attentional competition waveform was calculated as the mean of the most negative 50ms segment in the 200-800ms post-stimulus time window.
Source localization
Low Resolution Electromagnetic Tomography was used to localize cortical electrical spindle sources. Low-resolution brain electromagnetic tomography (LORETA) computes a unique three-dimensional electrical source distribution by assuming that the smoothest of all possible inverse solutions is most plausible, which is consistent with the assumption that neighboring neurons are simultaneously and synchronously active (Lantz, et al., 1997; Roberto D. Pascual-Marqui, 2001 ; R.D. -Marqui, Michel, & Lehmann, 1994) . This implementation of LORETA was successfully applied in previous ERP studies (Aanerer, et al., 2001; Anderer, Pascual-Marqui, Semlitsch, & Saletu, 1998) .
Pascual
Region of interest (ROI) analyses were performed for medial frontal cortex gyrus (MFG), The landmarks of ROIs are determined by an automatic anatomical labeling procedure implemented in LORETA which is based on the position, size, and borders of Brodmann areas. in stereotactic 3D Talairach space (Talairach & Tournoux, 1988) .
By means of the ROI extractor, we collected averaged current density waveform on the ROI (bilateral MFGs) cortex of each participant in each condition. Once the averaged current density waveform was generated, the current density peak value was calculated as the mean of the most positive 50 ms segment during the 500-1200 ms post-stimulus time window.
Results
Behavioral data: Response time
A Repeated-measures 2 by 2 ANOVA conducted on RTs of overlapped pictures, with the scene (TO vs. NTO) as a within-subject factor and the group (expert vs.
novice) as a between-subject factor. Results (see table 3 ) showed an insignificant main effect of scene, indicating no significant difference between RTs of TO and NTO.
The main effect of group was not significant, which revealed insignificant RT difference between expert and novice. Significant interaction between stimulus and group was not found, either. Table 5 . It revealed a significant main effect of location, indicating left region evoked a significantly larger attentional competition potential than that evoked by right region. However, there was a significant three-way interaction of the scene and site by group.
Simple effect analysis on attentional competition at left frontal site indicated that, for expert participants, tennis scene elicited a significantly larger potential of attentional competition than non-tennis scene, while, this site difference was not significant in the novice group. For the simple effect at right frontal site, there was no significant effect of tennis vs. non-tennis in either expert or novice participants. In brief, the attentional competition difference of tennis vs. non-tennis was significant in only expert participants at just left frontal site, which is explicitly displayed in Fig.   2C . Fig. 2D . To determine whether the negative potential of attentional competition is dynamic by MFG, we utilized the LORETA to trace the source of the potential on cerebral cortex in each condition, and the result turned out to be the same as our expectation. The generators of the potential in all conditions were consistently located in the MFG(see Fig. 2D ).
A 2 (scene: tennis vs. non-tennis) and 2 (location: left vs. right) by 2 (group: expert vs. novice) repeated-measures ANOVA was conducted on the current density at bilateral MFGs. Results (table 6 ) revealed a significant three-way interaction of scene and location by group.
Simple effect analysis decomposed the interaction and revealed that the results on current density were parallel with the results on the attentional competition potential.
For expert participants, tennis scene elicited a significantly greater current density than non-tennis scene in the left MFG; whereas, this tennis vs. non-tennis effect was absent in novice group. For the simple effect on right MFG, significant effect of tennis vs. non-tennis was found in neither expert or novice participants. .93
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Discussion
The present study was designed to determine whether the sports expert has attentional superiority towards scene information relevant with his\her skills. In this regard, we found that for experts, the potential associated with attentional competition evoked by tennis overlaps was significantly larger than that evoked by non-tennis overlaps, while this effect was absent for novices. Skill-related scene information was associated with an increased attentional processing under attentional competition condition. The results suggested that experts exhibited high sensitivity to skilled-related information even though a strong visual distractor that can grab attention automatically was displayed simultaneously.
The LORETA results showed the medial frontal gyrus ( The sports experts in the present study showed that the tennis-relevant information has become closely related to reward and punishment due to their perennially professional training with strict standards. In this sense, tennis skill is the experts' "academic achievement", which influences evaluation and experience of their own (Murray-Ward, 1996) . The tennis-related information has become an element of the experts' self-concept, termed as auto-biographical knowledge. In our task, the experts retrieve their stored memory to identify sports scene information, which means that the medial frontal gyrus plays a role in autobiographical retrieval. The way experts encoded skilled-related scenes seems to be ascribed to self-referential processing. Self-referential processing concerns stimulus that are experienced as strongly related to one's own, such as pictures of one's face (Platek, Wathne, Tierney, & Thomson, 2008) , body (Peelen & Downing, 2007) or personal belongs (Miyakoshi, Nomura, & Ohira, 2007) .
Attentional superiority could be triggered during self-referential processing.
Evidences from electrophysiology researches such as electroencephalography (EEG) and event related potentials (ERPs) and neuroimaging researches embracing technique such as positron emission tomography (PET) and functional magnetic resonance imaging (fMRI) consistently support the idea. An ERP study examined the electrophysiological correlates of the psychological processing of possessive pronouns such as "wo de" (Chinese for "my"/ "mine") and "ta de" (Chinese for "his") using an oddball paradigm. Three stimuli (possessive pronouns, small circle and big circle) were presented to participants. The results showed that, relative to non-self-relevant possessive pronoun "ta de", self-relevant possessive pronoun "wo de" elicited a significantly larger P300 amplitude independently. The results suggested that the self-relevant possessive pronoun was psychologically important to human beings (Zhou, et al., 2010) . Recent ERP studies demonstrated that the self-relevant information, relative to the information lacking in direct self-reference, generate a greater degree of cognitive analysis with enhanced P300 (Gray, Ambady, Lowenthal, & Deldin, 2004; Miyakoshi, et al., 2007) . A further study (Turk, et al., 2011) proved that attentional bias was triggered by the act of taking ownership of objects associated with both perceptual and post perceptual processing in cortex.
During the process of this research analysis, the experts were instructed to overview pictures related to tennis, the way they encoded tennis-related information were self-referential processing. Accordingly, attentional bias (superiority) was triggered when the experts encountered tennis-related information. Thus, the attentional bias triggered by the experts' self-referential processing towards tennis scene proves their advantage on information processing of skill-related scene.
Limitations and prospects 1. In the present study, sports scenes were repeatedly presented. Expert participants might notice the tennis scene is the only one with special (or personal) meaning and thus paid more attention to it. Yet the study had no method to test whether or not they allocated their attention voluntarily. So it remains to be studied on how experts allocate their attention to skill-related scene information (voluntarily vs.
involuntarily).
2. The present study contrasted only novices and second-class level experts. To explore the precise relationship between expertise, attention, and its neural basis, further research should include experts of various levels to explore the expertise effect.
Conclusion
While encountering skill-related scene information and negative emotional faces simultaneously, which compete for attentional resources, experts showed an increased attentional processing on skill-related scene information compared to novices. This attentional function was dynamically driven by left MFG. This attentional bias 23 (superiority) to process skilled-related scene information is likely due to self-reference which could be the mechanism to explain why experts have higher and faster information processing capacity towards skill-related scene.
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Highlights
The highlights in the present study are following:
1) ERP results showed that the experts had an increased attentional processing associated with skill-related scene information.
2) The LORETA showed that this attentional function was dynamically driven by left MFC and probably due to self-reference.
3)These findings reveal the mechanism why the experts have so many perceptual priorities. 4)Our study provides theoretical and practical support for subsequent expert vs. novice studies in sports field.
